Objectives: To explore the factors significantly associated with the difficulties of general activities during specific time periods across the day in Chinese children and adolescents with attention-deficit/hyperactivity disorder (ADHD). Methods: A cross-sectional study assessing the validity and reliability of QuestionnaireChildren with Difficulties (QCD) for difficulties of general activities during specific time periods of the day in 200 Chinese children and adolescents with ADHD was the data source for this post-hoc analysis. Multivariate linear regression analyses were conducted to identify the factors significantly associated with the total and subscale scores of QCD respectively. Results: ADHD subtype of inattention (vs combination subtype, coefficient 3.69, P=0.006), parent-child interaction activity (vs no parent-child activity, coefficient 4.30, P=0.002), and any psychiatric comorbidities (vs no mental comorbidities, coefficient -3.68, P=0.010) were independently and significantly associated with the total score of QCD (higher score indicating less difficulties, and vice-versa). These three factors and the other two factors, including mother's education and parenting style, were independently and significantly associated with at least one subscale score of QCD for the five time domains across the day.
Introduction
Attention deficit/hyperactivity disorder (ADHD) is the most common neurodevelopmental disorder. 1 ADHD affects approximately 6.3% of Chinese children and adolescents and the main ADHD subtype in Chinese patients is attention deficit. 2 ADHD has a profound impact on the education, career, and social functions in the adulthood of patients. 3 Thus, the main goal of ADHD treatment is to improve school performance and social functions of children with ADHD. 4 As parents are the direct observer of the symptoms and functional impairment associated with ADHD, many rating scales associated with ADHD have been developed from the perspective of parents. 5 With the increasing recognition of the varied symptoms and functional impairment associated with ADHD throughout the day, 6 Questionnaire-Children with Difficulties (QCD) 7 has been developed to assist parents to assess their child's daily behaviors during specific time domains such as morning, school, after school, 
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Ke et al evening, and night time for better ADHD management throughout the day. The validity and reliability of QCD have been validated in Japan and also in our previous crosssectional study with 200 Chinese children and adolescents with ADHD. 8 QCD could be used as an outcome measure to explore the risk factors for the difficulties in general activities during specific QCD time periods across the day in ADHD patients. Because our previous evaluation study for the reliability and validity of QCD in Chinese children and adolescent patients with ADHD had patient level QCD data of 200 patients, 8 we leveraged these data to conduct a post-hoc analysis to identify the patient characteristics that could be significantly associated with QCD total score and subscale scores across the day. The identified patient characteristics from our post-hoc analysis could be used to explain the fluctuation of functional impairment associated with ADHD across the day and also guide the management of ADHD across the day.
Methods
This study was a post-hoc data analysis based on the collected data from our previous evaluation study for the reliability and validity of QCD in Chinese children and adolescents with ADHD. This QCD evaluation study has been published and the details and methods for patient enrollment and data collection can be found in our previous publication. 8 This post-hoc analysis was conducted under the institutional ethics committee approval from each study center: Beijing Anding Hospital of Capital Medical University, Shanghai Mental Health Center, The Second Xiangya Hospital of Central South University, and Nanjing Brain Hospital Affiliated to Nanjing Medical University. Written informed consents were obtained from the parents of the enrolled adolescents with ADHD.
Data sources
The collected data from our previous QCD evaluation study were the data source for this post-hoc analysis. In brief, our QCD evaluation study enrolled 200 consecutive Chinese children and adolescents from four large tertiary care psychiatric clinics in China. The cross-sectional study collected the characteristics of 200 Chinese children and adolescents with ADHD (demographics, school status, family environment, ADHD diagnosis [types and disease duration after the diagnosis], current treatment, and psychiatric comorbidities) and their parents (social economic status [education and employment], lifestyle regarding drinking and smoking, and parenting styles). The scored QCD by the ADHD patients' parents were included in our data analysis as the outcome measure indicating the degree of difficulty in daily activities during the defined QCD time periods throughout the day. The QCD 7 consists of 20 questions assessing the degree of difficulty in activities in the classified time domains of the day (question items 1-4 for early morning/before going to school; question items 5-7 for school time; question items 8-10 for time after school; question items 11-14 for evening time; question items 15-18 for night time; and question items 19 and 20 for overall behavior). Each question can be graded from 0 to 3 to indicate the degree of agreement on the question (0: completely disagree; 1: somewhat (partially) agree; 2: mostly agree; and 3: completely agree), which expresses the difficulty in a specific general activity. Thus, the total score of QCD ranges from 0 to 60 and a higher QCD score indicates less difficulty. Full details of this cross-sectional study can be found in our published cross-sectional study validating QCD in Chinese children and adolescents with ADHD. 8 
statistical analysis
The QCD scores of the 20 question items were summed to calculate the QCD total score. The subscale score for each QCD time domain was calculated by summing the scores of the question items in the same time domain. This study conducted univariate linear regression analyses to identify characteristics of the ADHD patients (a binary covariate was created to indicate the status of any psychiatric comorbidities) and their parents that were significantly associated with QCD total score. The identified characteristics with significant association in the univariate linear regression analyses were taken as the independent variables in the multivariate linear regression analyses to confirm their independent associations with QCD total score. The same analysis was also conducted to assess the associations between the QCD subscale scores and the characteristics of the included patients and their parents. The associations in the linear regression analysis were presented with coefficient, standard error, and P-value. All data analyses were conducted using SAS 9.2 (SAS Inc., Cary, NC, USA). The statistical significance in these analyses was defined as a two-sided P-value less than 0.05.
Results
This study generated the following results from the collected data in our previous cross-sectional study assessing the reliability and validity of QCD in 200 children and adolescents with ADHD visiting four Chinese tertiary care psychiatric clinics. 
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Risk factors for the difficulties in general activities across the day in Chinese children Brief summary of the characteristics of the aDhD patients and their parents
The average age of the included 200 ADHD patients was 10.4 years and 77.5% of these patients were male. The ADHD inattention subtype and the combined inattention and hyperactivity/impulsivity subtype accounted for 45.5% and 49.0% respectively in these ADHD patients. The other collected patient characteristics included disease duration after the diagnosis (62.6±96.6 weeks), proportions of currently on medication for ADHD treatment (63.5%), and psychiatric comorbidities (32.5%). The parents of these ADHD patients were characterized with high proportions of mother with high school or lower education (58.5%) and father with smoking (56.1%) and/or drinking (66.2%) lifestyle. The four parenting styles (authoritarian, authoritative, permissive, and uninvolved) were evenly distributed among the parents of the included ADHD patients. The characteristics of the included 200 ADHD patients and their parents are summarized in Table 1 .
The QcD scores
The mean score associated with each QCD question item ranged from 0.85 for the question item 11 (Can your child do his/her homework at home without difficulties?) to 2.10 for the question item 9 (Does your child have friends of his/ her own age?). The average total QCD score associated with the included 200 ADHD patients was 32.0±9.8, indicating the partial agreement on the overall difficulties associated with general activities across the day from the perspective of their parents. The average QCD subscale scores for the classified time domains for early morning/before going to school, school time, time after school, evening time, night time, and overall behavior were 6.0, 5.4, 6.0, 6.6, 5.2, and 2.9, respectively. The QCD scores of the 200 ADHD patients are summarized in Table 2 .
risk factors associated with the QcD total score
Univariate linear regression analyses identified that QCD total score was significantly associated with any psychiatric comorbidities (patients with at least one psychiatric comorbidity), ADHD inattention subtype, and parent-child interaction activities (Table 3) . Multivariate linear regression analysis with adjustment for other patient characteristics, including age, gender, and disease duration after ADHD diagnosis, confirmed the significant and independent association between QCD total score and the three characteristics (any psychiatric comorbidities vs no psychiatric comorbidities: coefficient -3.68, 
risk factor association with QcD subscale scores
Univariate linear regression analysis observed a slightly different pattern of the associations between the independent variables (the characteristics of ADHD patients and their parents) and the QCD subscale scores associated with the five classified time domains throughout the day. Of the three identified factors significantly and independently associated with the QCD total score, only two factors, any psychiatric comorbidities and parent-child interaction activities, were significantly associated with the QCD subscale scores for all five time domains throughout the day in the univariate linear regression analyses; the other one factor, the ADHD inattention subtype, was significantly associated with QCD subscale scores for three time domains (morning time, school time, and evening time) in the univariate linear regression analyses. Additionally, the lifestyle of the father, parenting style, and education level of the mother were significantly associated with the QCD subscale score for at least one time domain in the univariate linear regression analyses.
The results of these univariate linear regression analyses are summarized in 
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Ke et al Table 4 The results of univariate linear regression analysis exploring risk factors associated with QCD subscale scores for the five time domains throughout the day in the included children and adolescents with aDhD 
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Discussion
The recognition of varying functional impairment associated with ADHD throughout the day led to the development of the QCD, which was designed specifically for parents to rate the difficulties of the general activities in the classified five time domains throughout the day. Based on the collected data from our previous study assessing the validity and reliability of QCD in the 200 Chinese children and adolescents with ADHD, this post-hoc analysis observed the varied QCD subscale scores associated with the five time domains throughout the day and a slightly different pattern of the risk factors associated with the QCD total score and subscale scores for the five classified time domains. Thus, this study supports the rationale of managing ADHD by specific time periods throughout the day. 4 The observed fluctuations in the QCD subscale scores associated with the five time domains throughout the day were consistent with observed changes of behavioral symptoms and functional impairment across the day in children with ADHD. 9 Additionally, the lowest QCD subscale score associated with the morning time domain suggested that our ADHD patients experienced the worst functional impairment in the morning as reported by previous studies. For example, moderate-to-severe ADHD symptoms and functional impairment in the early morning were more frequently observed in the children with ADHD. 10 Because the early morning functional impairment associated with ADHD could directly increase the burden on parents, our study added to the evidence which demonstrates the unmet needs regarding the management of ADHD symptoms and functional impairment in the morning.
Our analysis identified that psychiatric morbidities, ADHD inattention subtype, and parent-child interaction activities were independently and significantly associated with the overall difficulties of general activities throughout the day. The observed significant association between psychiatric comorbidities and the QCD total score suggests that psychiatric comorbidities could worsen functional impairment in our ADHD patients. Similar to previously reported prevalence and pattern of psychiatric comorbidities in US ADHD children, 11 over one-third of our study subjects had at least one psychiatric comorbidity, which included learning disability, tic disorder, oppositional defiant disorder, personality disorder, and stress. These comorbidities could cause additional functional impairment in ADHD patients. For example, learning disability, the most prevalent comorbidity in our study subjects, significantly increased the severity of executive function impairment. 12 Oppositional defiant disorder was associated with a decreased ability to generate strategies or monitor ongoing behavior. 13 As reported by Houghton et al, 14 identified association between the ADHD inattention subtype and higher QCD total score is aligned with Barkley's proposed unifying theory of ADHD regarding the lower impact of ADHD inattention subtype on executive function impairment. Additionally, the identified association between parent-child interaction activities and higher QCD total score in our ADHD patients supported the exploration of the clinical utility of parent-child interaction therapy in ADHD patients as it was effective in treating young children with disruptive disorders. 15 Our study observed a slightly different pattern of risk factors associated with QCD subscale scores associated with the five classified time domains throughout the day. This finding supports the notion that functional impairments associated with ADHD vary throughout the day and ADHD should be managed by time domains throughout the day. Additionally, our analyses suggest that the functional impairment associated with the specific time periods could be affected by different characteristics of ADHD patients and their parents. Thus, the identified risk factors associated with the QCD subscale scores could help with the explanation for the varied functional impairment and guide future ADHD management by specific time periods throughout the day.
Our analyses identified that psychiatric comorbidities could increase the functional impairment during school time and evening time, the two time domains when academic and educational activities were most likely. The impact of psychiatric comorbidities on academic performs in ADHD patients has been well investigated. Thus, actively screening and managing psychiatric morbidities should be included in the ADHD management to maximize academic and education outcomes, which are the main goals of ADHD management. 16 Our analysis also found that the disease duration after ADHD diagnosis was associated with greater functional impairment for the general activities after school. Because the longer disease duration could indicate more advanced disease, stimulant medications, the current mainstay therapy for ADHD, might not fully control the functional impairment throughout the day due to the poor compliance to two to three administrations throughout the day. 17 Because the teachers are unlikely to help the children with treatment administration at school, once daily administration medication for ADHD could be the better solution to address the current challenges associated with using stimulant medications to manage ADHD throughout the day. Additionally, our analyses identified a significant association between father with smoking 
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Risk factors for the difficulties in general activities across the day in Chinese children lifestyle and lower QCD subscale score associated with the night time domain. Because the exposure to tobacco impairs children's behavioral 18 and cognitive function, 19 fathers with a smoking lifestyle could spend more time with their children at night and further worsen the functional impairment associated with ADHD.
Our analyses identified that ADHD inattention subtype, parent-child interaction activities, parenting style (uninvolved and permissive), father with drinking lifestyle, and mother with high school education or below were associated with higher QCD subscale scores for some time domains. Because ADHD inattention subtype caused more neuropsychological impairment than the other two ADHD subtypes, 20 we highly suspect that the few symptoms associated with inattention subtype could bias parents for their QCD rating. Similar bias was also reported in the low agreement between parents and teachers regarding the diagnosis of ADHD inattention subtype. 21 The significant association between parent-child interaction activities and higher QCD subscale scores for evening time and night time might suggest that the parent-child interaction activities were likely to occur in the evening and night time and parent-child interaction activities could help with reducing functional impairment associated with ADHD. The higher QCD subscale score associated with uninvolved and permissive parenting styles at school and in the evening time could be the results of lower anxiety in their children under the two parenting styles. 22 The children under the two parenting styles could experience less anxiety, which impacts functional impairment associated with ADHD. 23 We did not have sufficient knowledge to explain well the associations between the higher QCD subscale scores associated with the two time domains (at-school time and after school time) and the other two factors, father with drinking lifestyle and mother with high school education level or below. Because drinking and education level are the indicators for poor social economic status, we suspect that the parents with poorer social economic status have limited capacity to appropriately assess the difficulties of general activities related to school.
As a post-hoc analysis, our analyses shared the same limitations as the cross-sectional study assessing the validity and reliability of QCD. For example, the identified risk factors for QCD total score and QCD subscale score were based on cross-sectional association. Future longitudinal study design is still needed to confirm the impact of these risk factors on the functional impairment associated with ADHD throughout the day. Additionally, our analyses were unable to assess the impact of controlling the identified risk factors on the functional impairment associated with ADHD. Thus, future studies are still needed to confirm that the control of the identified risk factors, such as psychiatric comorbidities and reducing the exposure from a smoking father, could reduce functional impairment associated with ADHD. Finally, the identified association between ADHD inattention subtype and QCD total score and subscale scores should be interpreted with caution of the assessment bias associated with the parent rating scales. 21 
Conclusion
In summary, this post-hoc analysis is the first study using QCD as the outcome measure to explore the risk factors for functional impairment associated with Chinese ADHD patients in specific time domains throughout the day. The observed variance associated with QCD subscale scores confirmed the varied functional impairment associated with ADHD throughout the day and demonstrated the needs of ADHD management by time periods of the day. The observed association between psychiatric comorbidities and lower QCD total score and subscale scores demonstrated that actively screening and managing psychiatric comorbidities could help with reducing the functional impairment associated with ADHD. The observed higher QCD total score and subscale scores associated with parent-patient interaction activities support the potential clinical utility of parent-patient interaction activities in managing ADHD. As our post-hoc analysis only assessed the cross-sectional association between the characteristics of ADHD patients and their parents, future longitudinal studies are needed to confirm the identified associations in our study and guide ADHD management throughout the day.
